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ARTICLE HIGHLIGHTS 1 

Type of Research: Single center prospective study  2 

Key Findings: Obstructive sleep apnea was prevalent in 74% of 43 patients with lymphedema presenting 3 

for complete decongestive therapy.,particularly in those with lower limb lymphedema (85% prevalence).  4 

Take home Message: Overweight and obese patients with lymphedema should be systematically 5 

screened for obstructive sleep apnea.  6 

7 

Table of Contents Summary 8 

Obstructive sleep apnea was  prevalent in 74% of 43 patients with lymphedema presenting for complete 9 

decongestive therapy. The authors suggest systematic screening of obstructive sleep apnea in overweight-10 

obese patients with lymphedema.  11 

12 
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ABSTRACT 1 

Objectives: Obstructive sleep apnea (OSA) syndrome is one of the most frequent chronic 2 

diseases in the general population. The nocturnal rostral fluid shift is accepted as a key 3 

mechanism in OSA pathogenesis in medical conditions associated with fluid overload. The main 4 

objective of this study was to assess the prevalence of OSA in patients with lymphedema. 5 

Material and methods: A prospective study was conducted in patients with lymphedema 6 

hospitalized for complete decongestive therapy between December 2016 and November 2017. A 7 

nocturnal respiratory polygraphy, an Epworth sleepiness scale and lymphedema volume 8 

measurements were performed on the first day of decongestive therapy. OSA was diagnosed in 9 

patients with an apnea-hypopnea index (AHI) ≥ 5 events/h and patients who had been previously 10 

diagnosed with OSA and treated by continuous positive airway pressure were identified. 11 

Results: Forty-three patients completed the study. The prevalence of OSA was 74% and was 12 

higher for patients with lymphedema of the lower limbs (85%) versus upper limbs (56%). OSA 13 

severity was correlated with a marker of lower limb lymphedema severity (p = 0.012). The body 14 

mass index (BMI) was higher than in OSA patients than non OSA patients (31.0 [25.3 ; 37.0] 15 

versus 24.2 [22.7 ; 26.7] kg/m2 (median, 25th ; 75th percentiles), p <0.01). Hypertension was 16 

prevalent in 47% of patients with OSA vs 18% in non OSA patients. 17 

Conclusion: Patients with lymphedema presenting for complete decongestive therapy present a 18 

high prevalence rate of OSA, particularly in those with lower limb lymphedema. OSA severity 19 

was correlated with a marker of lower limb lymphedema severity. These results suggest that 20 

overweight and obese patients with lymphedema should be systematically screened for OSA. 21 

22 

ClinicalTrials.gov: n° NCT02979184. 23 



5 

KEY WORDS 1 

Lymphedema; Obstructive Sleep Apnea; Complete decongestive therapy; Fluid shift2 



6 

INTRODUCTION 1 

Lymphedema is the result of intra-tissue fluid accumulation caused by inability of the lymphatic 2 

system to absorb excess fluid from the venulo-capillary circulation. Treatment of lymphedema 3 

with complete decongestive therapy (CDT), which includes manual lymphatic drainage, 4 

lymphedema rehabilitation exercises, compression therapy and skin care, has been shown to 5 

reduce lymphedema volume by 45-70% 1-3.  6 

Obstructive sleep apnea is a common sleep disorder which is characterized by repetitive episodes 7 

of upper airway obstruction with persistence of respiratory efforts. The prevalence of obstructive 8 

sleep apnea (OSA) defined by an apnea-hypopnea index (AHI) ≥ 5 events per hour is estimated 9 

between 9% and 38% of the general population 4, 5. The prevalence of OSA is increased in 10 

patients with conditions characterized by fluid-retaining states such as heart failure and end-stage 11 

renal disease 6-9. Lower-limb fluid accumulation, and its subsequent overnight rostral 12 

redistribution, has emerged as a contributor to the physiopathology of OSA 10.  The prevention of 13 

fluid accumulation during the day, using compression stockings or by regular exercise has also 14 

been shown to reduce the frequency and severity of OSA 11-13.  15 

To our knowledge, no study has examined the prevalence of OSA in patients with lymphedema 16 

or the effects of complete decongestive therapy on OSA in this group of patients.   17 

Therefore the aim of the present study was to test the hypothesis that lymphedema could be a 18 

factor predisposing to OSA, through an increase in the fluid shift. The secondary objectives were 19 

to assess the correlation between a marker of the severity of lymphedema (i.e. limb volume) and 20 

the severity of OSA, as well as to analyze the impact of CDT on OSA.  21 
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MATERIAL AND METHODS 1 

The study was conducted in accordance with applicable good clinical practice requirements in 2 

Europe, French Law, ICH E6 recommendations, and Ethical Principles of the Helsinki 3 

Declaration (South Africa 1996 and Edinburgh 2000). It was approved by an independent Ethics 4 

Committee (Comité de Protection des Personnes, Grenoble, France, IRB0005578) and registered 5 

on the ClinicalTrials.gov site (NCT02979184). Written informed consent was obtained from all 6 

patients. An external data quality control was performed systematically for the following criteria: 7 

informed consent, complications, adverse events and case report forms. 8 

Study design 9 

We conducted a prospective study evaluating the prevalence of OSA in patients with 10 

lymphedema hospitalized in the Vascular Rehabilitation Unit of the University Hospital 11 

Grenoble Alps (CHUGA). Lymphedema was diagnosed clinically by thorough evaluation and 12 

physical examination. Circumferential (>2 cm) differences between the affected and non-13 

affected extremity were performed to confirm the diagnosis 14.  14 

Patients between 18 and 85 years with lymphedema of one or more limbs, hospitalized in the 15 

Vascular Rehabilitation unit of the CHUGA for complete decongestive therapy were included.  16 

Non-inclusion criteria included patients under legal protection and those presenting 17 

contraindications to CDT (acute limb infection, active venous thrombosis, uncontrolled heart 18 

failure and hypertension, acute renal failure, obstruction of the superior vena cava, untreated 19 

active malignant tumor, peripheral arterial obstructive disease with systolic pressure index < 0.5, 20 

advanced diabetic microangiopathy). We also excluded patients with a popliteal aneurysm (more 21 

than 1.6 cm) to avoid any rupture with pressotherapy. 22 
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The main objective of the study was to determine the prevalence of OSA, defined by an AHI ≥ 5 1 

events/h or the presence of previously diagnosed OSA. The secondary endpoints assessed were 2 

factors associated with the presence of OSA such as the correlation between markers of the 3 

severity of lymphedema and OSA, and the evolution of AHI, lymphedema volumes and BMI, 4 

before and after rehabilitation.  5 

Complete decongestive therapy 6 

Patients received complete decongestive therapy for a total of 12 days in an inpatient facility. 7 

CDT included daily sessions of manual lymphatic drainage, pressotherapy followed by the 8 

application of bandages and exercise.  9 

Lymphedema volume measurements 10 

The volume of the lower and upper limbs was calculated from the perimeter measurements taken 11 

every 5 cm according to the Frustum method. The lymphedema severity criterion used was the 12 

difference in volume between the two affected limbs. Only unilateral lymphedema was taken 13 

into account. 14 

Sleep study 15 

With the exception of those already treated by CPAP for known OSA, all patients had a sleep 16 

study (respiratory polygraphy) in the first night following admission for rehabilitation. All 17 

recordings were scored by a sleep specialist to calculate apnea-hypopnea index (AHI). Patients 18 

with an AHI ≥ 5 events/h underwent a follow-up polygraphy at the end of the rehabilitation 19 

period.  20 

Statistical analysis 21 

Statistical analyses were performed using SAS® v9.4 software. The 95% confidence interval of 22 

the prevalence of OSA was calculated using the Wilson formula with continuity correction. 23 
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Inter-group comparisons were made by multivariate analysis with an accurate Fischer test for 1 

qualitative variables and a non-parametric Mann Whitney test for quantitative variables. The 2 

correlations were studied using the Spearman correlation coefficient. The evolution of the 3 

parameters before and after rehabilitation was evaluated by the Wilcoxon signed-ranks test.  4 
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RESULTS 1 

Forty-five patients were included between December 2016 and November 2017 (Figure 1, Table 2 

I). Two patients withdrew during the study. Among the remaining 43 patients, 32 patients had 3 

OSA (6 previously diagnosed OSA treated by CPAP and 26 newly diagnosed for OSA with an 4 

AHI ≥ 5 events/h). 5 

Population characteristics 6 

The prevalence of OSA was 74% (n=32/43) in the entire population. It was 85% (n=23/27) in 7 

patients with lower limb lymphedema and 56% (n=9/16) in patients with upper limb 8 

lymphedema.  9 

For the 26 newly diagnosed OSA patients, the median AHI was 13.1 [7.7 ; 20.7] events/h 10 

(median, 25th ; 75th percentiles). Among them, 4 (15%) had severe OSA (AHI ≥ 30/h) 9 (35%) 11 

had moderate OSA (15 ≤ AHI < 30 events/h) and 13 (50%) had mild OSA (5 ≤ AHI < 15 12 

events/h). 13 

The median BMI of OSA patients was higher than in non-apneic patients (31.0 [25.3 ; 37.0] 14 

versus 24.2 [22.7 ; 26.7] kg/m², (p<0.01)).  15 

Correlation between OSA and lymphedema 16 

There was a positive correlation between the severity of OSA (AHI) and a marker of the severity 17 

of lower limb lymphedema (the difference in volume between the two affected limbs) 18 

(correlation coefficient: 0.667; p=0.016) (Figure 2). This correlation did not exist between the 19 

severity of OSA and a marker of the severity of upper limb lymphedema (Correlation coefficient: 20 

0.045; p=0.878) (Figure 3). 21 

Effect of complete decongestive therapy 22 
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There was no significant change in the AHI after CDT (p=0.46). During CDT, the volume of the 1 

most affected lymphedematous limb decreased by a median of 10.3% in OSA patients 2 

(p<0.0001) and the BMI by 0.38 kg/m² (p<0.0001), (Figure 4 and table II). 3 

There was no correlation between changes in AHI and BMI (correlation coefficient: -0.05, 4 

p=0.85 or between changes in AHI and volumes (correlation coefficient: -0.27, p=0.40), 5 

following CDT. 6 

In the subgroup of patients with OSA (n=32), BMI and limb volume were significantly reduced 7 

after CDT, both p<0.01 (Table III). In the subgroup of patients without OSA (n=11), BMI and 8 

limb volume also decreased significantly (p=0.022 and p<0.01, respectively). 9 



12 

DISCUSSION 1 

In the present study, 74% of patients with lymphedema presented at least mild OSA (AHI>5 2 

events/hr). The prevalence reached 86% in patients with lower limb lymphedema (85%), despite 3 

a predominantly female population. This prevalence rate is by far higher than what is estimated 4 

in the general population (i.e. between 9 and 38% of the general population) 15. However, such 5 

OSA prevalence is similar to what is observed in patients with fluid-retaining states such as heart 6 

failure and end-stage renal disease 6-9. 7 

The higher prevalence of OSA in lower limb lymphedema and the existence of a correlation 8 

between the severity of lower limb lymphedema (volume-related) and the severity of OSA 9 

support the role of fluid shift in promoting OSA and also the potential presence of fluid-retaining 10 

disorders in these patients. The nocturnal rostral redistribution of fluid is known to play an 11 

important role in the pathophysiology of OSA by increasing peri-pharyngeal edema, reducing 12 

upper airway (UA) size and increasing UA resistance and collapsibility. In the present study, 13 

beyond fluid shift, factors associated with the presence of OSA were obesity, age and prevalent 14 

hypertension, which is consistent with previous studies 16-18. Future prospective studies in a 15 

larger sample sizes with a better documentation of the contribution of the nocturnal fluid shift to 16 

the pathophysiology of OSA in patients with lymphedema are required. A precise 17 

characterization of fluid overload by bio-electrical impedance in different body segments would 18 

be contributive 19.  19 

We did not observe a significant change in the AHI after the 12 day CDT period. However, 20 

follow-up sleep studies were done during the last night off CDT, following acute mobilization of 21 

fluid by complete decongestive therapy 1. One can hypothesize that the effect of CDT on OSA 22 
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could be masked at this stage. It would be interesting to perform final evaluation during a more 1 

stable state, away from complete decongestive therapy. 2 

OSA and its cardiovascular consequences have been widely explored in observational and 3 

prospective studies. Population-based and sleep-clinic–based cohort studies have shown an 4 

association between obstructive sleep apnea and hypertension, coronary artery disease, atrial 5 

fibrillation, stroke and heart failure 20. There is a consensus in the OSA field for increasing 6 

screening in at risk populations with the main goal of improving symptoms, quality of life and 7 

reducing cardiovascular risk. The treatment of OSA in this population should also be encouraged 8 

in order to favor patients’ engagement in rehabilitation procedures. The management of 9 

overweight and obesity can also contribute to reducing the risk of OSA 21.  The effects of the 10 

different modalities of decongestive therapy on the reduction of fluid shift should also be 11 

explored in future studies to determine which modality is the most efficient. 12 

In the present study, we did not explore the association between OSA and thrombosis. However, 13 

the current epidemiological evidence supports the hypothesis that OSA may be a risk factor for 14 

venous thromboembolism 22. Future studies in patients with lymphedema are needed to further 15 

explore this association.  16 

17 

Limitations of the study 18 

There are several limitations to our study. We included patients with lymphedema admitted for 19 

complete decongestive therapy in a hospital setting. Therefore, our sample size is subject to 20 

selection bias and this limits the generalization of our findings. Future studies designed to 21 

include patients who are seen both in inpatient and outpatient facilities should be conducted to 22 

further explore the prevalence of OSA in patients with lymphedema.  23 
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1 

CONCLUSION 2 

The present study confirms that patients with lymphedema presenting for complete decongestive 3 

therapy present a high prevalence rate of OSA. We also observed a significant correlation 4 

between the a marker of the severity of lower limb lymphedema and the severity of OSA. Our 5 

results suggest a systematic screening of OSA in overweight and obese patients with 6 

lymphedema. Further studies are needed in a larger sample size to determine whether or not 7 

patients with a BMI<25 require systematic screening as well. Further prospective studies with 8 

larger sample sizes are needed to confirm the role of fluid shift in the pathophysiology of OSA in 9 

patients with lower limb lymphedema and define appropriate management programs. 10 
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FIGURE LEGENDS 

Figure 1. Study flow chart 

Figure 2. Severity of OSA (AHI) according to the lower limb lymphedema (Difference in 

volume between affected and healthy limbs). Correlation coefficient: 0.667; p=0.016.  

Figure 3. Severity of OSA (AHI) according to the upper limb lymphedema (Difference in 

volume between affected and healthy limbs). Correlation coefficient: 0.045; p=0.878. 

Figure 4. Patient with upper and lower limb lymphedema, before (A1, B1) and after (A2, B2) 

12 days of complete decongestive therapy 



TABLES 

Table 1. Population characteristics 

No OSA OSA p 

n=11 n=32 

Age (years) 55.9 [43.5 ; 70.1] 68.6 [59.9 ; 74.8] 0.12 

Number of women (n (%)) 8 (73) 23 (72) 1.00 

BMI (kg/m²) 24.2 [22.7 ; 26.7] 31.0 [25.3 ; 37.0] <0.01 

Diabetes (n (%)) 0 (0) 4 (13) 0.56 

Tobacco use (n (%)) 1 (9) 10 (31) 0.24 

Hypertension (n (%)) 2 (18) 15 (47) 0.15 

ESS score 7 [3 ; 9] 9 [2 ; 11] 0.46 

Lymphedema of lower limb 4 (36) 23 (72) 
0.07 

Lymphedema of upper limb 7 (64) 9 (28) 

Maximum volume of lower limb (ml)* 9003 [8556; 9985] 9128 [7221 ; 12227] 0.97 

Maximum volume of upper limb (ml)* 3193 [2400; 3731] 2864 [2713 ; 3615] 0.84 

BMI, body mass index; ESS, Epworth sleepiness scale 

* Volume of the lower or upper limb on the side most affected by lymphedema.

Data are expressed as median [25th; 75th percentiles] or n (%). 



Table 2.  Evolution of AHI, BMI and volumes after rehabilitation in OSA patients 

Number of 

patients 

Difference after-

before rehabilitation 
p 

Maximum volumes (%)* 31 -10.3 [-14.8 ; -6.0] <0.0001

BMI (kg/m²) 32 -0.38 [-1.45 ; -0.27] <0.0001

AHI (events/h) 13 0.9 [-1.5 ; 7.4] 0.46 

ESS score 20 0.0 [-1.0 ; 0.5] 0.18 

AHI, apnea-hypopnea index; BMI, body mass index; ESS, Epworth sleepiness scale. 

Data are expressed as median [25th ; 75th percentiles]  

*Maximum volume corresponded to the variation (%) of the most affected limb for uni- or bilateral

lymphedema. 



Table 3. Evolution of BMI and limb volume following rehabilitation in OSA and non OSA 
groups 

OSA 

(n=32) 

No OSA 

(n=11) 

Before After p Before After P 

BMI (kg/m²) 31.0 [25.4; 36.3] 29.9 [25.7; 35.6] 
<0.000

1 24.2 [23.2; 26.5] 24.1 [22.4; 26.5] 0.022 

Limb volume 
(mL) 7293 [3783; 10289] 

6577 [3049; 
9031] 

<0.000
1 3731 [3007; 8556] 3029 [2647; 8164] 0.001 

BMI, body mass index.  

Data are expressed as median [25th ; 75th percentiles] 



Included patients

Discontinuations for withdrawal 

Analyzed patients

Patients without OSA 
 n = 11 

n = 2 

n = 26 

n = 45

n = 43

Newly diagnosed patients for OSA 

OSA Patients 
n = 32

Known OSA patients under CPAP

n = 6 
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